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PREFACE

The API Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and
Natural Gas Industry (referred to as the “API Compendium’) was initially distributed in June
2001 as a “Pilot Test” version. Since the initial release, API has reached out to governmental,
non-governmental, and industry associations to ensure broad peer review. In addition, API
initiated a study to evaluate and compare other greenhouse gas estimation protocols and
methodologies. These activities were conducted to better harmonize greenhouse gas emission
estimation techniques and enable improved global comparability of emission estimates.

This document represents the third release of the API Compendium. The emission factors and
methodologies presented here represent the latest information available at the time this document
was published. Note, however, that estimating greenhouse gas emissions is an evolving process.
As such, the API Compendium is intended to also evolve. There is a process for ongoing review
and updates, and revisions will be made at regular intervals to incorporate new information. In
the interim, users are encouraged to check the documents referenced within the API
Compendium for updates.

API welcomes a continuing exchange of information and broad discussion of greenhouse gas
emission estimation methodologies from users of the API Compendium and other interested
parties. Please direct comments to Karin Ritter, Regulatory and Scientific Affairs Department, at
APL
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1.0
INTRODUCTION

The American Petroleum Institute (API) and many of its member companies are implementing
action plans for addressing greenhouse gas (GHG) concerns and policy issues. Concurrently,
local, regional, national and international bodies are developing or revising their guidance on
estimating, reporting, and verifying GHG emissions. This document is a compendium of currently
recognized methods and provides details for all oil and natural gas industry segments to enhance

consistency in emissions estimation.

This API Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and
Natural Gas Industry (referred to as the AP Compendium) aims to accomplish the following
goals:

e Assemble an expansive collection of relevant emission factors and methodologies for
estimating GHG emissions, based on currently available public documents;

e QOutline detailed procedures for conversions between different measurement unit systems,
with particular emphasis on implementation of oil and natural gas industry standards;

e Provide descriptions of the multitude of oil and natural gas industry operations—in its
various segments—and the associated GHG emissions sources that should be considered; and

e Develop emission inventory examples—based on selected facilities from various oil and
natural gas industry operations—to demonstrate the broad applicability of the methodologies.

The overall objective of this document is to promote the use of consistent, standardized
methodologies for estimating GHG emissions from oil and natural gas industry operations'. As a
result, this API Compendium recognizes calculation techniques and emission factors for estimating
GHG emissions for oil and natural gas industry operations. These techniques cover the calculation
or estimation of emissions from the full range of industry operations — from exploration and

production through refining, to the marketing and distribution of products.

The API Compendium presents and illustrates the use of emission estimation methods for carbon
dioxide (CO,), methane (CHy), nitrous oxide (N,0O), hydrofluorocarbons (HFCs), perfluorocarbons

! Although the API Compendium was derived for oil and natural gas industry operations, the methodologies
presented in the API Compendium can be used by other industries, particularly those that utilize fossil fuels.
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(PFCs), and sulfur hexafluoride (SF¢) for all common emission sources, including combustion,
vented, and fugitive. Decision trees are provided to guide the user in selecting a calculation or
estimation technique that is based on considerations of materiality, data availability, and accuracy.
METHODOLOGIES REQUIRED BY REGULATIONS TAKE PRECEDENCE OVER
THE OPTIONS PROVIDED IN THE DECISION TREES.

1.1  Background

The API Compendium was first released in April 2001 (APL, 2001). Its initial release as a “road
test” or Pilot Version document was geared toward testing its application to project, facility, or
corporate level GHG emission inventories. Since that time, comments on the API Compendium
have been received through a number of mechanisms, including industry conferences, workshops,
and focused outreach to other protocol development organizations, particularly those used by the
oil and natural gas industry in other regions of the world. Through collaboration with other
industry-related protocol development organizations, this version of the API Compendium

represents industry best practices for estimating GHG emissions.

Also following the release of the API Compendium Pilot Version, a parallel effort was initiated to
promote consistent, credible, and reliable GHG accounting and reporting practices for the oil and
natural gas industry. A team of oil and natural gas industry representatives led by the International
Petroleum Industry Environmental Conservation Association (IPIECA), the Association of Oil and
Gas Producers (OGP) and API, issued the Petroleum Industry Guidelines for Reporting
Greenhouse Gas Emissions (referred to as the Guidelines) in December 2003 (IPIECA, et al.,
2003). The Guidelines build upon other existing protocols for estimating GHG emissions by
providing information to address the unique operational arrangements of the oil and natural gas

industry.

In 2007, API launched an initiative to develop guidelines for quantifying uncertainty associated
with GHG emission inventories. API, Conservation of Clean Air and Water in Europe
(CONCAWE), and IPIECA convened an international workshop on the topic on January 16, 2007,
in Brussels, Belgium, as the first step in the process of addressing inventory uncertainty and
accuracy issues (API and IPIECA, 2007). The document Addressing Uncertainty in Oil & Natural
Gas Industry Greenhouse Gas Inventories: Technical Considerations and Calculation Methods

(referred to here as the Uncertainty Document) was developed as a result, with the purpose of
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augmenting existing industry guidance and providing technically valid approaches applicable for
use by the global oil and natural gas industry to improve GHG emissions estimation robustness and
data quality (API, CONCAWE, IPIECA, 2009).

The API Compendium, Guidelines, and Uncertainty Document are complementary; where the API
Compendium focuses on GHG emission estimation methodologies for industry sources (how to
calculate emissions), the Guidelines primarily address GHG accounting and reporting questions
faced by the industry (how to report emissions), and the Uncertainty Document addresses the
confidence intervals for the inventory results. Combined, the AP1 Compendium, Guidelines, and
Uncertainty Document provide comprehensive guidance for the estimation, accounting, and

reporting of oil and natural gas industry GHG emissions.

In addition, API provides (free of charge) the SANGEA™ Emissions Estimating System, an
automated, electronic data management information system based on the emission estimation
methodologies described in the API Compendium. SANGEA™ was designed to assist oil and
natural gas companies with estimating, managing, and reporting GHG emissions, and can also be
used to track energy consumption and criteria pollutant emissions. SANGEA™ is available at
http://ghg.api.org.

1.2 Document Overview

The API Compendium is neither a standard nor a recommended practice for the development of
emissions inventories. Rather, as the name implies, it represents a compilation of commonly used

GHG emission estimation methodologies.

Methodologies outlined in this API Compendium can be used to guide the estimation of GHG
emissions for individual projects, entire facilities, or company-wide inventories. The purpose of
the GHG analysis, as well as the availability of data, will generally determine the level of detail
and the estimation approach to be selected. The methodologies presented here address the
estimation of all six GHG species or families of gases (CO,, CH4, N,O, HFCs, PFCs, and SF)
from oil and natural gas industry operations. This should not imply that emissions of all these
GHG compounds are necessarily significant for all emission sources or industry operations, as their
presence varies highly and depends on source design and operational practice. The emission

estimation approaches presented are believed to be practical for all segments of the oil and natural
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gas industry. The operations and facilities addressed range from the well-head to retail outlets,
including exploration and production (E&P), refining, marine vessels, pipelines, bulk distribution,
other transportation, and retail marketing. The methods presented in this API Compendium pertain
only to emissions from operations and not those that might be attributable to product use. Industry
data provided throughout this document list the carbon content fraction for typical fuels in
commerce, but no attempt is made to account for hypothetical efficiencies associated with product

use.

Transparency is a key issue in developing GHG inventory estimates. It is strongly recommended
that any estimation approach used should be well annotated, with all input information recorded
and careful documentation of the underlying conditions and assumptions. The SANGEA™
calculation tool provided by API may assist in facilitating such documentation. This level of detail
is necessary to track and compare GHG emission information over time and to allow for future
revisions as new information becomes available. Moreover, the dynamic nature of oil and natural
gas industry operations, along with changes in estimation procedures, necessitate good narrative
descriptions of included operations and equipment, in addition to careful calculations and

knowledge of operating procedures.

It is also important to note that emission results can differ, in some cases significantly, depending
on the specific approach(es) used to estimate emissions. The API Compendium, Guidelines, and
Uncertainty Document provide guidance for selecting appropriate estimation techniques based on
the intended use of the inventory data and the availability of required input data. Beyond
regulatory requirements, the use of the information presented in this document is left to the

discretion of the user.

1.3  Organization

Section 2 of this API Compendium provides a description of the various industry segments and
their interrelation. It sets out a common classification for all devices in the various segments and
includes listings of operations and sources that need to be assessed for their GHG emissions, with a
focus on CO,, CH4, and N,O emissions because these are the most relevant to oil and natural gas
industry operations. The equipment classification system described in Section 2 is summarized in
Table 1-1 and includes the major emission categories, with a representative list of devices that

might fall into each of these categories.
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Indirect emissions are emissions that are a consequence of activities of the reporting company but

which result from sources owned or controlled by another party. All other sources identified in

Table 1-1 are considered direct emissions, which result from sources owned or controlled by the

reporting company. For transparency, if reported, indirect emissions should be reported separately

from direct emissions. More information on the differences and reporting of direct and indirect

emissions can be found in the Petroleum Industry Guidelines for Reporting Greenhouse Gas

Emissions (IPIECA, 2003).

Table 1-1

. Proposed Source Classification Approach?®

Category

Principal Sources Include:

Direct Emissions

Combustion Sources

Stationary Devices

Mobile Sources

Process Emissions and Vented
Sources™®

Process Emissions
Other Venting

Maintenance/Turnaround
Non-Routine Activities

Fugitive Sources®

Fugitive Emissions

Other Non-Point Sources

Boilers, heaters, furnaces, reciprocating internal combustion engines and
turbines, flares, incinerators, and thermal/catalytic oxidizers

Barges, ships, railcars, and trucks for material transport; planes/helicopters
and other company vehicles for personnel transport; forklifts, all terrain
vehicles, construction equipment, and other off-road mobile equipment

Hydrogen plants, amine units, glycol dehydrators, fluid catalytic cracking unit
and reformer regeneration, and flexi-coker coke burn

Crude oil, condensate, and oil and natural gas product storage tanks, gas-
blanketed water and chemical tanks, underground drain tanks, gas-driven
pneumatic devices, gas samplers, chemical injection pumps, exploratory
drilling, loading/ballasting/transit, and loading racks

Decoking of furnace tubes, well unloading, vessel and gas compressor
depressurizing, compressor starts, gas sampling, and pipeline blowdowns

Pressure relief valves, PCVs, fuel supply unloading valves, and emergency
shut-down devices

Valves, flanges, connectors, pumps, compressor seal leaks, and catadyne
heaters

Wastewater treatment and surface impoundments

Indirect Emissions

Electricity
Steam/Heat
District Cooling

Off-site generation of electricity for on-site power
Off-site generation of hot water and steam for on-site heat
Off-site gaseous pressurization (compression) for on-site cooling

* Note that this API Compendium uses terms (e.g., “routine,

2 G ” G,

‘maintenance,” “point source”) that may have both a commonplace, non-legal

meaning, and a specific, legal meaning. The API Compendium uses the commonplace, non-legal meanings for these terms and does not use them in

their legal sense.

® Vented emissions are intentional or designed into the process or technology to occur during normal operations.
° The above categories of emissions are broad listings intended to give an indication of the emission sources in the oil and natural gas industry. Note
that some regulatory and/or voluntary reporting programs classify the categories differently, including what sources are included under the vented,

process, and fugitive categories.

¢ Fugitive emissions can be individually found and “fixed” to make the emissions “near zero.”
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Section 3 presents detailed technical considerations and suggestions for developing a consistent
emissions estimate. To allow for global use of the estimation approaches, this section of the API
Compendium contains conversion factors, standard gas conditions, and fuel properties for fuels
typically found in the oil and natural gas industry. It also introduces key statistical calculation
methods for assessing uncertainty ranges for GHG emissions from applicable sources. A

discussion on emission factor quality and inventory accuracy is also provided in Section 3.

Sections 4, 5, and 6 provide the compiled calculation methodologies for direct emission sources:
combustion devices, process and operational venting, and fugitive emission sources, respectively.
Each section presents the details of various estimation approaches for each source, device, or
operation and also includes example calculations. The methods are organized around the general
classification of emission sources and equipment by category, as specified in Section 2. The
estimation approaches are therefore presented by either equipment or fuel type, and by operational
practices. These sections strive to balance the need to make the computational tasks as simple as
possible while retaining sufficient accuracy in the final inventory. To accomplish this, the
methodology provides options for relying on generic estimation methods—if applicable—such that
specific knowledge of every equipment detail may not be essential. For example, many of the
combustion device estimation approaches will be the same regardless of the industry segment in
which they occur. However, most of the process vents are specific to an industry segment and
reflect a specific operational practice for that part of the oil and natural gas industry. Examples are
provided throughout the API Compendium to demonstrate calculation methodologies. Examples
may be used multiple times throughout the document, and are intended to be as realistic as
possible.

Section 7 presents methods that are applicable for estimating indirect GHG emissions from sources
that provide power, heat and steam, and cooling. In the case of indirect emissions from power
generating activities, the methods rely on average EFs based on national compilation, such as
eGrid” in the US and the International Energy Agency (IEA) for sources out of the US. The
section also describes different methods, recommended by diverse programs, for the allocation of
GHG emissions between the power and heat/steam generation aspects of Combined Heat and
Power (CHP) installations.

? EPA maintains a database with information from power plants and electricity generators. The database is available
at the following website: http://www.epa.gov/cleanenergy/egrid/index.htm (accessed June 19, 2009).
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Section 8§ presents emission inventory examples for each industry segment. These examples are
used to demonstrate methodology and emissions tabulations to help the reader determine the key
emission sources for that type of facility. The examples constructed have an abundance of
different types of equipment and devices for illustrative purposes, but are not intended to be
representative of any specific facility or industry sector. The results presented also feature the
calculated uncertainty ranges in order to demonstrate the implementation of the statistical
calculation methods to a facility inventory.

A detailed glossary for the terminology used throughout this compendium is provided following
the main report sections. Appendices A, B, C, and D provide additional calculation methodologies
and further details for emission sources covered in Sections 4, 5, 6, and 7, respectively.

Appendix E provides fuel speciation details to support combustion and non-combustion emission
estimation. Appendix F contains an analysis of fugitive CH,4 emissions from refinery operations.
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2.0
INDUSTRY DESCRIPTION

This section presents a description of the oil and natural gas industry and its segments to give
some perspective on the potential sources of GHG emissions. Figure 2-1 presents a graphical
overview of the primary industry segments with a rudimentary indication of GHG emission
sources. The following subsections describe industry segments and specialty operations, and the
related GHG emission sources in more detail.

2.1 Overview

For the purposes of this document, the oil and natural gas industry includes all direct activities
related to producing, refining, transporting, and marketing crude oil and associated natural gas,
and refined products. Figure 2-1 shows a graphical overview of the industry. The key industry

segments include:

e Exploration, production, and gas processing;
e Transportation and distribution;

e Refining; and

e Retail and marketing.

These segments are the direct activities within the oil and natural gas industry that have the
potential to emit GHG. Integrated petroleum companies may also have operations associated
with energy generation (electricity, heat/steam generation, or cooling), mining and minerals,

petrochemical manufacturing, and/or carbon capture and geological storage.

Note: The relative scale of the primary GHGs of interest (CO,, CHy, and N,0) are indicated in
Figure 2-1. Carbon dioxide and CHy4 (in bold font) represent the most significant emission
sources; CO,, N,O and CHy (in regular font) represent less significant emission sources. If none
are shown, emissions are believed to be negligible. The comparison is based on CO,

equivalents.
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Industry Description

In addition, petroleum processes may also purchase electric power or heat/steam. However, the
combustion emissions from these externally generated sources are considered an indirect
contributor of GHG emissions. Indirect GHG emissions from external power and heat/steam
generation are reported separately from the direct petroleum sector emissions. Additional
guidance on accounting for indirect emissions is provided in Sections 3.2.2 and Section 7 of the
Guidelines (IPIECA, et. al, 2003).

Tables 2-1 through 2-13 present expansive checklists of potential GHG emission sources in each
primary industry sector, as well as other “specialty” operations that may be part of a petroleum
company’s portfolio. These tables also include an indication of whether each source is likely to
emit CO,, N>,O, and/or CH4 and reference sections of this document where further details on
emission factors and emission calculation methodologies are provided. The sources listed in
Tables 2-1 through 2-13 may potentially be located at a facility; however, individual facilities
vary and some sources listed in the tables may not be present at all facilities.

Tables 2-1 through 2-13 also indicate which specific sources of emissions were considered in
preparing this document. The “X” is used to designate which GHG species may be emitted from
the source identified, for which estimation methodologies are provided in the API Compendium.
An “*” is listed for some sources of CO; emissions in the production segment and CH4 emissions
associated with CCS processes. This is used to note potential sources of CO, emissions for those
production streams rich in CO,, such as associated gas from enhanced oil recovery or where CH4
may be present in gas streams associated with CCS. An approach is provided for these sources,
but the significance of CO, emissions depends on the CO, concentration and the source-specific
emission rate.

In addition, SFs, PFCs, and HFCs are also greenhouse gases with global warming potentials
several hundred to several thousand times larger than that of CO,. Sulfur hexafluoride may be
used by oil and natural gas companies that operate electric transmission equipment or as a tracer
gas to detect pipeline leaks. As a result of using substitutes for ozone-depleting substances
(ODSs), air conditioning (mobile and stationary), refrigeration, and fire suppression equipment
are potential sources of HFC and PFC emissions. Although the API Compendium provides
estimation methods for non-CO; emissions, this should not imply that these emissions are

necessarily significant.

The diversity of operations associated with the oil and natural gas industry presents a challenge
in determining the relative contribution of the many different emission sources. The Guidelines
document provides some considerations to help the reader use available time and resources

effectively (IPIECA, et. al., 2003). In addition, Figure 2-1 and Tables 2-1 through 2-13 present

some information on potential prioritization of emission sources.
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2.2  Industry Segment Descriptions

In this API Compendium, the oil and natural gas industry is divided into the following categories

for the purpose of describing applicable emission estimation methodologies:

e Exploration and production; e Natural gas transmission and distribution;
¢ Oil sands and heavy oil upgrading; e Refining;

e Coal bed methane production; e Petrochemical manufacturing;

e Qas processing; e Minerals and mining operations;

e Carbon capture and geological storage; e Retail and marketing; and

e Natural gas storage and (liquified natural Energy generation (including electricity,
gas) LNG operations; heat/steam, and cooling).

e Liquid transportation and distribution;

For the purpose of this document, the scope of a company’s inventory may include any or all of
these activities. The following subsections describe emission sources associated with each of

these categories of operations.

2.2.1 Conventional Exploration and Production

This segment includes the exploration for and extraction of petroleum from underground
reservoirs, located either onshore or offshore. Because oil and natural gas can be produced from
the same well, the production segment may include gas handling equipment and processing
operations. A checklist of emission sources for this industry segment is provided in Table 2-1.

Exploration primarily involves various geological and geophysical surveys and tests, followed by
exploratory drilling in likely areas. The primary emission sources from exploration are the
exhaust from internal combustion (IC) engines used in drilling operations; the venting or flaring
of gas associated with well testing or completions; and mobile source emissions associated with

equipment used at the well site and to transport personnel and equipment to/from the site.

If natural gas is available at sufficiently high pressures, it may be used as the motive force to drill
wells. In this case, CHs would be emitted to the atmosphere, similar to vented releases resulting
from diaphragm pumps. Natural gas may also be used to clean sediment that accumulates during
drilling, or to unload water from the well. For this use, compressed natural gas is forced down

the well bore to build up pressure, and then rapidly released to the surface through the well
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annulus. The released gas is most often directed to a flare (resulting primarily in CO,

emissions), or alternatively vented to the atmosphere (releasing CH,).

Table 2-1. Potential Greenhouse Gas Emission Sources by Sector:

Conventional Exploration and Production

EXPLORATION AND PRODUCTION | co, | N,O | CH, Section

COMBUSTION SOURCES — Stationary Devices 4.0
Boilers/steam generators X X X 4.1-4.4,4.5.1
Dehydrator reboilers X X X 4.1-4.4,4.5.1
Heaters/treaters X X X 4.1-44,4.5.1
Internal combustion (IC) engine generators X X X 4.1-4.4,4.5.1
Fire pumps X X X 4.1-44,4.5.2
Reciprocating compressor drivers X X X 4.1-44,4.5.2
Turbine electric generators X X X 4.1-44,4.5.2
Turbine/centrifugal compressor drivers X X X 4.1-44,4.5.2
Well drilling X X X 4.1-44,4.5.2
Flares X X X 4.6
Incinerators X X X 4.7

COMBUSTION SOURCES — Mobile Sources 4.8
Mobile drilling equipment X X X 4.8
Other company vehicles X X X 4.8
Planes/helicopters X X X 4.8
Supply boats, barges X X X 4.8
Site preparation, construction, and excavation X X X 4.8

INDIRECT SOURCES 7.0
Electricity imports X X X 7.1
Process heat/steam imports X X X 7.1
Cogeneration X X X 7.2

VENTED SOURCES — Process Vents 5.0
Dehydration processes X 5.1
Dehydrator Kimray pumps X 5.1
Gas sweetening processes X X 5.1

2-5 August 2009

©2009 American Petroleum Institute



Industry Description

Table 2-1. Potential Greenhouse Gas Emission Sources by Sector:
Exploration and Production, continued

EXPLORATION AND PRODUCTION | CO, |N,O | CH, Section
VENTED SOURCES — Other Venting 5.3-5.6
Storage tanks and drain vessels X () X 54
Exploratory drilling X(®) X 5.6
Well testing and completions X (*) X 5.6
Pneumatic devices X (*) X 5.6.1
Chemical injection pumps X (*) X 5.6.2
Gas sampling and analysis X (*) X 5.7.1
VENTED SOURCES — Maintenance/Turnarounds 5.6-5.7
Mud degassing X (*) X 5.6.3
Low pressure gas well casing X (*) X 5.6.5
Compressor blowdowns X (*) X 5.7.2
Compressor starts X (*) X 5.7.2
Gathering pipeline blowdowns X (*) X 5.7.2
Vessel blowdown X (*) X 5.7.2
Well completions X (*) X 5.7.2
Well unloading and workovers X (*) X 5.7.2
VENTED SOURCES — Non-routine Activities 5.7-5.8
Emergency shutdown (ESD)/ emergency safety X (*) X 572
blowdown (ESB)
Pressure relief valves (PRVs) X (*) X 5.7.2
Well blowouts (when not flared) X (*) X 5.7.2
Fire Suppression 5.8
FUGITIVE SOURCES 6.0
Equipment component leaks X (*) X 6.1
Wastewater treatment X X 6.2
Air Conditioning/Refrigeration 6.3
Footnotes:

Note that this API Compendium uses terms (e.g., “routine,” “maintenance,” “point source”) that may have both a commonplace, non-legal
meaning, and a specific, legal meaning. The API Compendium uses the commonplace, non-legal meanings for these terms and does not use them
in their legal sense.

X Indicates if CO,, CH,, or N,O emissions may result from the source.

*Emission estimation approach is provided, but only applicable to CO,-rich production streams (e.g., CO, flood or enhanced oil recovery).
Significance of these sources depends on the CO, concentration and source-specific emission rate.

A well that reaches an economically viable oil and/or natural gas reservoir may then be
completed and put into production. A number of steps are potentially involved in production,
such as oil/gas separation, oil/water separation and collection, and storage. In addition, the
wellhead itself may have a vent to release casing head gas, which could be a source of both CH,4
and CO:..

The balance between CH4 and CO, emissions from the wellhead and associated equipment leaks
can be quite variable. Most reservoir gas has less than 5% CO, (mole percent) and a CHy
content greater than 80%; however, exceptions do exist. For example, in Canada, most wellhead
natural gas is below 90% CHy. Also, some enhanced oil recovery (EOR) techniques involve
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injection of CO; into the formation, potentially resulting in significantly larger CO, emissions
than CH4 from equipment/process vents and fugitive leaks. Carbon dioxide injection, as part of a
carbon capture and geological storage (CCS) operation, is addressed in more detail in

Section 2.2.5.

Oil/gas separation and gas treatment operations may result in CHy losses from oilfield tank vents,
dehydrators, amine units, and pneumatic devices. Fugitive equipment leaks may also be a source
of CH4 emissions. Combustion emissions result from reciprocating compressors or turbines used
to handle produced gas, where the produced gas may be collected for processing (dehydration
and/or sweetening), reinjected to boost reservoir pressure, or in some cases, flared. Flaring of
produced gas may occur in emergency situations when pressure must be relieved from process
vessels and equipment in order to avoid an unsafe condition or catastrophic failure, when there is
no infrastructure to process the gas, or when produced gas volumes are too low to be
economically collected and processed.

Offshore oil and natural gas production operations are similar to onshore operations. Equipment
and process configurations are typically the same, although vented and fugitive CH4 emission
sources are generally smaller than for onshore operations due to tight space confinements on
platforms and increased emphasis on personnel safety and risk/loss prevention. Offshore
operations may include combustion emissions from equipment and personnel transport to and
from the platforms (supply boats and helicopters) that are not generally associated with onshore
operations. Floating Production Storage and Offloading (FPSO) systems, a subset of offshore
operations, may also have emissions from storage and offloading capabilities.

2.2.2 Oil Sands and Heavy Oil Upgrading

This segment includes the non-conventional extraction of heavy oil in the form of bitumen from
sand deposits, and the subsequent conversion of the bitumen to synthetic crude oil. Oil sands
(sometimes called tar sands) are naturally occurring mixtures of clay, sand, water, and bitumen.
Bitumen can be separated from the oil sands through multiple methods: surface mining and
extraction, or in-situ recovery. The bitumen is then upgraded, removing carbon and adding

hydrogen to produce synthetic crude oil.

Oil sands GHG emission sources vary by operation but can include mining activities (mobile
equipment), fine tailings ponds, combustion sources, hydrogen generation, sulfur recovery, and
equipment leak sources. A detailed overview of the oil sands and heavy oil upgrading process
can be found in the document CH, and VOC Emissions from the Canadian Upstream Oil and
Gas Industry Volume 3: Organic and Common-Pollutant Emissions by the Canadian Oilsands
Industry and from Heavy Oil Upgrading Facilities (CAPP, 1999).
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A checklist of emission sources for this industry segment is provided in Table 2-2.

Table 2-2. Potential Greenhouse Gas Emission Sources by Sector: Oil
Sands and Heavy Oil Upgrading

EXPLORATION AND PRODUCTION | CcO, | N,O | CH, Section
COMBUSTION SOURCES — Stationary Devices 4.0
Boilers/heaters X X X 4.1-44,4.5.1
Fire pumps X X X 4.1-44,4.5.2
Fire pumps X X X 4.1-44,4.5.2
Internal combustion (IC) engine generators X X X 4.1-44,4.5.2
Reciprocating compressor drivers X X X 4.1-44,4.5.2
Turbine electric generators X X X 4.1-44,4.5.2
Turbine/centrifugal compressor drivers X X X 4.1-44,4.5.2
Turbines X X X 4.1-4.4,45.2
Mining equipment X X X 4.1-4.5
Flares X X X 4.6
Catalytic oxidizers X 4.7
Incinerators X X X 4.7
COMBUSTION SOURCES — Mobile Sources 4.8
Mining equipment X X X 4.8
Other company vehicles X X X 4.8
Planes/helicopters X X X 4.8
Site preparation, construction, and excavation X X X 4.8
INDIRECT SOURCES 7.0
Electricity imports X X X 7.1
Process heat/steam imports X X X 7.1
VENTED SOURCES — Process Vents 5.0
Flue gas desulfurization process vents X 5.1.5
Sulfur recovery units X 5.1.5
Catalytic cracking X 5.2.1
Catalyst regeneration X 52.1,52.4
Steam methane reforming (hydrogen plants) X 5.2.2
Delayed coking X 523
Flexi-coking X 523,526
Catalytic reforming X 5.2.4
Thermal cracking X 5.2.6
Ventilation and degasification X 53
Ash processing unit X 53
Surface mining X NA
VENTED SOURCES — Other Venting 5.3-5.6
Storage tanks X 5.4
Water tanks X 543
Loading racks X 5.5
Sand-handling X 5.3
Pneumatic devices X 5.6.1
Casing gas vents X 5.6.4,5.6.5
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Table 2-2. Potential Greenhouse Gas Emission Sources by Sector: Oil Sands and
Heavy Oil Upgrading, continued

EXPLORATION AND PRODUCTION | co, | NyO | CH, Section
VENTED SOURCES — Maintenance/Turnarounds 5.7
Compressor blowdowns X 5.7
Compressor starts X 5.7
Equipment/process blowdowns X 5.7
Heater/boiler tube decoking X 5.7
Vessel blowdown X 5.7
VENTED SOURCES — Non-routine Activities 5.7-5.8
Emergency shut down (ESD) X 5.7
Pressure relief valves (PRVs) X 5.7
Fire suppression 5.8
FUGITIVE SOURCES 6.0
Equipment component leaks X X 6.1
Wastewater treatment X X 6.1
Sludge/solids handling X 6.2
Wastewater collection and treating X 6.2
Air conditioning/refrigeration 6.3
Exposed mine faces X NA
Tailing ponds X NA

Footnotes:

Note that this APT Compendium uses terms (e.g., “routine,” “maintenance,” “point source”) that may have both a commonplace, non-legal
meaning, and a specific, legal meaning. The API Compendium uses the commonplace, non-legal meanings for these terms and does not use
them in their legal sense.

X Indicates if CO,, CHy, or N,O emissions may result from the source.

NA indicates a souce specific GHG estimation methodology or emission factor is not currently available.

Emissions from oil sands mining operations result from the volatilization of CH4 entrained in the
oil sands during mining and mine dewatering, from exposed mine faces, and during transport and
handling of the ore and oil sands. Unlike coal mining, for which emission factors are presented
in Section 5, oil sands mining activities currently do not have published emission factors. Site-
specific data should be used to account for these emissions.

The largest source of CH4 emissions from oil sands operations are tailing ponds. The processes
resulting in emissions from tailing ponds are currently being studied; however, it appears that the
emissions are due to microbial degradation of hydrocarbons in the tailings. As a result, the
emissions from tailings ponds are highly site specific. There currently are no emission factors
available for estimating emissions from tailings and therefore site specific data or measurements

should be used for estimating these emissions.

The processes involved in bitumen upgrading include coking and hydroprocessing; these
emission sources are discussed in more detail in Section 2.2.8 (Refining). Upgrading facilities

may also have cogeneration and utility plants for which emissions may need to be allocated
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using a methodology provided in Section 7. Sulfur recovery units or limestone-based flue gas

desulfurization plants may also be used to remove sulfur from process streams.

2.2.3 Coal Bed Methane Production

Coal bed methane (CBM) is another method of producing CHy (natural gas). The process of
coalification, in which swamp vegetation is converted to coal by geological and biological
forces, also captures CHy in the coal seams and the surrounding rock strata. At the high
pressures in the coal seams, the CH, either remains adsorbed on the coal surface or is trapped
within the coal’s porous structure. This CH4 can be recovered for use or sale, just as associated

gas can be recovered from crude production wells.

The emission sources from CBM production are very similar to those from petroleum
exploration and production discussed in Section 2.2.1. A checklist of possible sources is
provided in Table 2-3.

Table 2-3. Potential Greenhouse Gas Emission Sources by Sector: Coal
Bed Methane Production

COAL BED METHANE PRODUCTION | CO, | N,O | CH, Section
COMBUSTION SOURCES — Stationary Devices 4.0
Boilers/steam generators X X X 4.1-4.4,4.5.1
Dehydrator reboilers X X X 4.1-44,4.5.1
Fire pumps X X X 4.1-44,4.5.2
Internal combustion (IC) engines and generators X X X 4.1-4.4,4.5.2
Reciprocating compressor drivers X X X 4.1-44,45.2
Turbine electric generators X X X 4.1-44,4.5.2
Turbine/centrifugal compressor drivers X X X 4.1-44,4.5.2
Flares X X X 4.6
COMBUSTION SOURCES — Mobile Sources 4.8
Mining equipment X X X 4.8
Other company vehicles X X X 4.8
Site preparation, construction, and excavation X X X 4.8
INDIRECT SOURCES 7.0
Electricity imports X X X 7.1
Process heat/steam imports X X X 7.1
VENTED SOURCES — Process Vents 5.0
Dehydration processes X 5.1
Dehydrator Kimray pump X 5.1
Gas sweetening processes X X 5.1
VENTED SOURCES — Other Venting 5.3-5.6
Water handling, tanks X 5.4
Coal seam drilling and well testing X 5.6.6
Coal handling X 5.6.7
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Table 2-3. Potential Greenhouse Gas Emission Sources by Sector: Coal
Bed Methane Production, continued

COAL BED METHANE PRODUCTION | CO, | N;O | CH, Section
VENTED SOURCES — Maintenance/Turnarounds 5.7
Gas sampling and analysis X 5.7.1
Compressor starts and blowdowns X 5.7.2
Gathering pipeline blowdowns X 5.7.2
Vessel blowdowns X 5.7.2
Well workovers X 5.7.2
VENTED SOURCES — Non-routine Activities 5.7-5.8
Gathering pipeline leaks X 5.7.2
Pressure relief valves (PRVs) X 5.7.2
Well blowdowns (when not flared) X 5.7.2
Fire suppression 5.8
FUGITIVE SOURCES 6.0
Equipment component leaks X 6.1
Wastewater treatment X X 6.2
Air conditioning/refrigeration 6.3

Footnotes:
X Indicates if CO,, CHy, or N,O emissions may result from the source.

In conventional CBM operations, several gas production wells are drilled from the surface to the
coal seam and the pressure in the coal beds is reduced, thereby releasing the CHs. GHG
emissions result from the engines used to drill the production wells. Flaring emissions are not
routine but may occur if the natural gas is flared prior to tying into a production facility or due to
process upsets.

Emission sources associated with producing CBM are largely the same as those associated with
conventional natural gas production. The recovered CBM is separated from other contaminants
(e.g., formation water, CO,) at the surface. Process equipment, such as separators, water tanks,
dehydrators, amine units, and/or pneumatic devices result in vented and fugitive emissions
through the same mechanisms as conventional natural gas production. Combustion emissions

result from compressors used to transport the recovered natural gas.

2.2.4 Gas Processing

This segment includes processing operations. The checklist of emission sources for this industry
segment is provided in Table 2-4.
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Table 2—4. Potential Greenhouse Gas Emission Sources by Sector:

Processing
PROCESSING | CO, | N;O | CH, Section
COMBUSTION SOURCES — Stationary Devices 4.0
Boilers/steam generators X X X 4.1-44,4.5.1
Dehydrator reboilers X X X 4.1-44,4.5.1
Heaters/treaters X X X 4.1-44,4.5.1
Fire pumps X X X 4.1-44,4.5.2
Internal combustion (IC) engine generators X X X 4.1-44,4.5.2
Reciprocating compressor drivers X X X 4.1-44,4.5.2
Turbine electric generators X X X 4.1-44,4.5.2
Turbine/centrifugal compressor drivers X X X 4.1-44,4.5.2
Flares X X X 4.6
Catalytic and thermal oxidizers X 4.7
Incinerators X X X 4.7
COMBUSTION SOURCES — Mobile Sources 4.8
Other company vehicles X X X 4.8
Planes/helicopters X X X 4.8
Supply boats, barges X X X 4.8
INDIRECT SOURCES 7.0
Electricity imports X X X 7.1
Process heat/steam imports X X X 7.1
VENTED SOURCES — Process Vents 5.0
Dehydration processes X () X 5.1
Dehydrator Kimray pumps X () X 5.1
Gas sweetening processes X ) X 5.1
Sulfur recovery units X 5.1.5
VENTED SOURCES — Other Venting 5.3-5.6
Storage tanks and drain vessels X () X 5.4
Pneumatic devices X () X 5.6.1
Chemical injection pumps X () X 5.6.2
VENTED SOURCES — Maintenance/Turnarounds 5.7
Gas sampling and analysis X (*) X 5.7.1
Compressor blowdowns X () X 5.7.3
Compressor starts X (*) X 5.7.3
Vessel blowdown X (*) X 5.7.3
VENTED SOURCES — Non-routine Activities 5.7-5.8
Emergency shutdown (ESD)/ emergency safety X () X 5.7.3
blowdown (ESB)
Pressure relief valves (PRVs) X X 5.7.3
Fire suppression 5.8
FUGITIVE SOURCES 6.0
Equipment component leaks X X 6.1
Wastewater treatment X X 6.2
Air conditioning/refrigeration 6.3

Footnotes:
X Indicates if CO,, CHa, or N,O emissions may result from the source.

*Emission estimation approach is provided, but only applicable to CO,-rich streams. Significance of these sources depends on the CO,

concentration and source-specific emission rate.
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In gas processing, high value liquid products are recovered from the gas stream and/or the
produced gas is treated to meet pipeline specifications. Process vents from dehydration, gas
sweetening, pneumatic devices, and non-routine activities may result in CHy4 emissions. Fugitive
equipment leaks are also a source of CH4 emissions. Combustion sources, such as boilers,
heaters, engines, and flares result in CO, emissions, as well as smaller quantities of N,O and CHy

emissions.

Offshore operations may include oil and natural gas processing.

2.2.5 Carbon Capture and Geological Storage

Carbon dioxide capture and geological storage refers to the chain of processes used to collect or
capture a CO; gas stream, transport the CO, to a storage location, and inject the CO, into a
geological formation' for long-term isolation from the atmosphere.

In the capture step, CO, is separated from other gaseous products, compressed to facilitate
efficient transportation, and when necessary, conditioned for transport (e.g., by dehydration).
Captured CO; is then transported from the point of capture to the storage site. Pipelines are the
most common method for transporting CO,; however, bulk transport of CO; by ship, truck, and
rail occurs on a much smaller scale. Once at the storage site, the CO, may be additionally
compressed and then injected into the storage reservoir. Carbon dioxide is retained in geologic
structural and stratigraphic traps (e.g., depleted oil and natural gas reservoirs without enhanced
hydrocarbon recovery).

Emissions from CCS activities may occur during each of the CCS phases. The operations
associated with the capture phase require the use of energy (fossil fuel consumption and/or
purchased electricity), resulting in combustion and/or indirect emissions. Vented and fugitive
emissions may result from equipment used as part of the capture process. A small amount of
emissions may also be released in the form of residual (uncaptured) CO, and CHa.
Transportation-related process losses may occur either as fugitive equipment leaks or as
evaporative losses during maintenance, emergency releases, intermediate storage, and
loading/offloading. Combustion or indirect emissions will also occur from energy consumption
to compress and move the CO; between the capture and storage locations. Storage emissions
include vented, fugitive, combustion, and indirect emissions from equipment and associated
energy requirements at the injection site. In addition, emissions may result from physical leaks
from the storage site, uncaptured CO, co-produced with oil and/or gas, and enhanced
hydrocarbon recovery operations.

! For the purpose of this API Compendium, geological storage reservoirs explicitly exclude ocean sequestration.

2-13 August 2009
©2009 American Petroleum Institute



Industry Description

Nitrous oxide and CH4 emissions may also occur from the operation of combustion-driven

equipment and purchased electricity. Table 2-5 provides a checklist of emission sources

associated with CCS processes.

Table 2-5. Potential Greenhouse Gas Emission Sources by Sector: Carbon
Capture and Geological Storage

ccs | CO, | N,O | CH, Section
COMBUSTION SOURCES — Stationary Devices 4.0
Boilers/steam generators X X X 4.1-44,4.5.1
Dehydrator reboilers X X X 4.1-44,4.5.1
Heaters/treaters X X X 4.1-4.4,4.5.1
Fire pumps X X X 4.1-44,4.5.2
Internal combustion (IC) engine generators X X X 4.1-44,4.5.2
Reciprocating compressor drivers X X X 4.1-44,4.5.2
Turbine/centrifugal compressor drivers X X X 4.1-44,4.5.2
Turbine electric generators X X X 4.1-44,45.2
Well drilling X X X 4.1-44,4.5.2
Flares X X X 4.6
Incinerators X X X 4.7
COMBUSTION SOURCES — Mobile Sources 4.8
Marine, road or railroad tankers X X X 4.8
Other company vehicles X X X 4.8
Planes/helicopters X X X 4.8
INDIRECT SOURCES 7.0
Electricity imports | X X X 7.1
VENTED SOURCES — Process Vents 5.0
Dehydration processes X X () 5.1
Dehydrator Kimray pumps X X () 5.1
Gas sweetening processes X X (¥) 5.1
VENTED SOURCES — Other Venting 5.3-5.6
Intermediate storage X X (*) 5.4
Storage tanks X X () 54
Loading/unloading/transit X X 5.5
Pneumatic devices X X (*) 5.6.1
Chemical injection pumps X X (*) 5.6.2
VENTED SOURCES — Maintenance/Turnarounds 5.7
Maintenance X X () 5.7
Gas sampling and analysis X X (*) 5.7.1
Compressor blowdowns X X (*) 5.7.2
Compressor starts X X(*) 5.7.2
Pipeline blowdowns X X (*) 5.7.2
Vessel blowdown X X () 5.7.2
VENTED SOURCES — Non-routine Activities 5.7-5.8
Emergency releases X X (*) 5.7
Fire suppression 5.8
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Table 2-5. Potential Greenhouse Gas Emission Sources by Sector: Carbon
Capture and Geological Storage, continued

ccs | CO, | N,O | CH, Section

FUGITIVE SOURCES 6.0
Well leakage X X () 6.1
Equipment and pipeline leaks X X (*) 6.1
Wastewater treatment X X (%) 6.2
Air conditioning/refrigeration 6.3
Fugitive emissions from ships X X (*) NA
Physical leakage from geological formations X X (*) NA

Footnotes:
X Indicates if CO,, CHa, or N,O emissions may result from the source.
* Significance of these sources depends on the CH4 concentration and source-specific emission rate.

2.2.6 Natural Gas Storage and LNG Operations

Natural gas storage facilities are used to store natural gas produced during off-peak times
(usually summer) so that gas can be delivered during peak demand. Storage facilities can be
below or above ground. Above ground facilities liquefy the gas by super cooling and then
storing the LNG in heavily insulated tanks. Below-ground facilities compress and store natural
gas in the vapor phase in one of several formations: 1) spent gas production fields, 2) aquifers,
or 3) salt caverns.

Of the approximate 113 active LNG facilities in the United States, 57 are peak-shaving facilities
(IELE, 2003). The other LNG facilities include marine terminals (eight import terminals and one
export terminal in the U.S.), storage facilities, and operations involved in niche markets such as
LNG vehicle fuel. Worldwide, there are 17 LNG export (liquefaction) terminals and 40 import
(regasification) terminals (IELE, 2003).

LNG is commonly transported long distances in double-hulled ships specifically designed to
handle the low temperature of LNG. These carriers are insulated to limit the amount of LNG
that boils off or evaporates. This boil-off gas is sometimes used to supplement fuel for the
carriers. Worldwide, 136 ships currently transport more than 120 million metric tons of LNG
every year. (IELE, 2003).

During ship unloading operations, a portion of the boil-off gas is returned to the ship to
compensate for the volume of liquid pumped out to maintain the ship’s tank pressure. Boil-off
gas that is not returned to the ship is compressed, condensed by direct contact with LNG, and
then combined with the send-out natural gas prior to being pumped up to pipeline pressure in the

send-out pumps.

When LNG is received at a terminal, it is transferred to double-walled, insulated storage tanks
that are built specifically to hold LNG. These tanks can be found above or below ground and
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keep the liquid at a low temperature to minimize the amount of evaporation. If tank LNG vapors
are not released, the pressure and temperature within the tank will continue to rise. LNG is
characterized as a cryogen, a liquefied gas kept in its liquid state at very low temperatures. The
temperature within the tank remains nearly constant if the pressure is kept constant by allowing
the boil off gas to escape from the tank. This is known as auto-refrigeration. The boil-off gas is
collected and used as a fuel source in the facility or on the tanker transporting/ unloading it.
When natural gas is needed, the LNG is warmed to a point where it converts back to its gaseous

state. This is accomplished using a regasification process involving heat exchangers.

Table 2-6 lists potential emission sources associated with natural gas storage and LNG
operations. Methane emission factors for LNG vents and fugitive sources are not well
developed. LNG systems are designed to avoid contact with the outside air, which would gasify
the LNG. Thus, great effort is taken to prevent vented and fugitive losses. Vapor recovery
systems are used to capture boil-off gas and re-route it for use as a fuel or to the send-out natural
gas pipeline. In an emergency, flares are available to burn the CH,4 rather than release it to the
atmosphere. Once the CHy is vaporized, emission factors applicable to natural gas storage or
pipeline operations apply.

Table 2—-6. Potential Greenhouse Gas Emission Sources by Sector:
Natural Gas Storage and LNG Operations

Natural Gas Storage and LNG Operations | CO, | N,O | CH, Section

COMBUSTION SOURCES — Stationary Devices 4.0
Boilers/steam generators X X X 4.1-44,4.5.1
Dehydrator reboilers X X X 4.1-4.4,4.5.1
Heaters and heat exchangers X X X 4.1-44,4.5.1
Fire pumps X X X 4.1-44,4.5.2
Internal combustion (IC) engine generators X X X 4.1-44,4.5.2
Pump engines X X X 4.1-44,4.5.2
Reciprocating compressor drivers X X X 4.1-44,4.5.2
Turbine electric generators X X X 4.1-44,4.5.2
Turbine/centrifugal compressor drivers X X X 4.1-44,4.5.2
Flares X X X 4.6
Catalyst and thermal oxidizers X 4.7
Incinerators X X X 4.7
Vapor combustion units (VCU) X 4.7
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Table 2—-6. Potential Greenhouse Gas Emission Sources by Sector:
Natural Gas Storage and LNG Operations, continued

©2009 American Petroleum Institute

Natural Gas Storage and LNG Operations CO, N,O CH, Section

COMBUSTION SOURCES — Mobile Sources 4.8
Marine vessels X X X 4.8
Other company vehicles X X X 4.8

INDIRECT SOURCES 7.0
Electricity imports X X X 7.1
Process heat/steam imports X X X 7.1

VENTED SOURCES — Process Vents 5.0
Dehydration processes X 5.1
Dehydrator Kimray pumps X 5.1
Gas treatment processes X X 5.1

VENTED SOURCES — Other Venting 5.3-5.6
Gas sampling and analysis X 53
LNG cold box X 53
Gas sampling and analysis X 53
Revaporization X 5.34

VENTED SOURCES — Other Venting, continued 5.3-5.6
Storage tanks X 5.4
Loading/unloading/transit X 5.5
Pneumatic devices X 5.6.1
Chemical injection pumps X 5.6.2
Chemical injection pumps X 5.6.2

VENTED SOURCES — Maintenance/Turnarounds 5.7
Compressor blowdowns X 5.74
Compressor starts X 5.74
Pipeline blowdowns X 5.74
Vessel blowdown X 5.74
Compressor station venting X 5.7.4
Storage station venting X 5.7.4

VENTED SOURCES — Non-routine Activities 5.7-5.8
Emergency shutdown (ESD)/ emergency safety X 5.7.4
blowdown (ESB)
Pressure relief valves (PRVs) X 5.7.4
Fire suppression 5.8

FUGITIVE SOURCES 6.0
Pipeline leaks X 6.1
Process equipment leaks X 6.1
Storage wellheads X 6.1
Vapor handling system X 6.1
Wastewater treatment X X 6.2
Air conditioning/refrigeration 6.3

Footnotes:
X Indicates if CO,, CHa, or N,O emissions may result from the source.
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2.2.7 Transportation and Distribution

The transportation and distribution segment consists of the movement of crude and associated
gas from the production segment to refineries. It also includes the movement of natural gas or
petroleum products to market or distribution centers. Emission sources for transportation and
distribution are shown in Tables 2-7 and 2-8 for liquid petroleum products and natural gas,
respectively. Emission sources include loading and unloading of tank trucks, rail cars, and

marine vessels; and transit losses from truck, marine, rail, and pipeline transportation.

Transportation and distribution emissions generally result from either losses of the material being
transported or from combustion emissions from the motive forces used to transport the material.
Product losses may occur either as fugitive equipment leaks or as evaporative losses during
loading, unloading, and storage operations. In terms of GHG emissions, only CH4 emissions
result from product losses. The primary potential for CH4 emissions is from handling ‘live’
crude oil (crude oil which has not yet reached atmospheric pressure), produced gas, and natural
gas. Transportation of ‘live’ crude oil and produced gas should be accounted for through the use
of gathering pipelines, which are addressed in Section 2.2.1, Conventional Exploration and
Production. Table 2-7 addresses transportation of other liquid products. However, most refined
products and *weathered’ crude oil do not contain CHy, as shown by the compositions presented
in Appendix E. Table 2-8 addresses the transportation of natural gas. Transportation of
liquefied natural gas is addressed in Section 2.2.6, Natural Gas Storage and LNG Operations.

Emissions of CO; and significantly smaller quantities of N>O occur in transportation and
distribution due to combustion of fuels in IC engines, steam boilers on marine vessels, and
turbines on gas compressors. It is also possible to have small amounts of unburned CHy

emissions when natural gas is used to fire the IC engines or turbines.

In addition, SF¢ emissions may occur if SFg 1s used as a tracer gas to detect pipeline leaks. On a

CO; equivalent basis, these may be a large emission source for some pipeline operations.
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Table 2-7. Potential Greenhouse Gas Emission Sources by Sector: Liquid

Transportation and Distribution

LIQUID TRANSPORTATION AND DISTRIBUTION CO, | N,O | CH, Section
COMBUSTION SOURCES - Stationary 4.0
Reciprocating compressor drivers X X X 4.1
Turbine electric generators X X X 4.1
Turbine/centrifugal compressor drivers X X X 4.1
Boilers/steam generators X X X 4.1-4.4,4.5.1
Heaters X X X 4.1-4.4,4.5.1
Fire pumps X X X 4.1-44,4.5.2
Internal combustion (IC) engine generators X X X 4.1-44,4.5.2
Pumps X X X 4.1-44,4.5.2
Flares X X X 4.6
Catalyst and thermal oxidizers X X 4.7
Incinerators X X 4.7
Vapor combustion units X X X 4.7
COMBUSTION SOURCES — Mobile Sources 4.8
Barges X X X 4.8
Marine, road, or railroad tankers X X X 4.8
Other company vehicles X X X 4.8
Planes/helicopters X X X 4.8
INDIRECT SOURCES 7.0
Electricity imports X X X 7.1
Process heat/steam imports X X X 7.1
VENTED SOURCES — Process Vents 5.0
Storage tanks X 54
Loading/unloading/transit X 5.5
Pneumatic devices X 5.6.1
VENTED SOURCES — Maintenance/Turnarounds 5.7-5.8
Pump station maintenance X 5.74
VENTED SOURCES — Non-Routine Activities 5.7-5.8
Breakout/surge tanks X 5.74
Fire suppression 5.8
FUGITIVE SOURCES 6.0
Pipeline leaks X 6.1
Process equipment leaks X 6.1
Wastewater treatment X X 6.2
Air conditioning/refrigeration 6.3
Leak detection (SF¢ Emissions) 6.3.3
Footnotes:
X Indicates if CO,, CHs, or N,O emissions may result from the source.
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Table 2-8. Potential Greenhouse Gas Emission Sources by Sector:
Natural Gas Transmission and Distribution

NATURAL GAS TRANSMISSION AND

DISTRIBUTION CO, | N,O CH, Section

COMBUSTION SOURCES — Stationary Devices 4.0
Boilers/steam generators X X X 4.1-44,4.5.1
Dehydrator reboilers X X X 4.1-4.4,4.5.1
Heaters X X X 4.1-4.4,4.5.1
Fire pumps X X X 4.1-44,4.5.2
Internal combustion (IC) engine generators X X X 4.1-44,4.5.2
Reciprocating compressor drivers X X X 4.1-44,4.5.2
Turbine electric generators X X X 4.1-44,4.5.2
Turbine/centrifugal compressor drivers X X X 4.1-44,4.5.2
Flares X X X 4.6
Catalyst and thermal oxidizers X 4.7
Incinerators X X X 4.7

COMBUSTION SOURCES — Mobile Sources 4.8
Other company vehicles X X X 4.8
Planes/helicopters X X X 4.8

INDIRECT SOURCES 7.0
Electricity imports X X X 7.1
Process heat/steam imports X X X 7.1

VENTED SOURCES — Process Vents 5.0
Dehydration processes X 5.1
Dehydrator Kimray pumps X 5.1
Gas treatment processes X X 5.1

VENTED SOURCES — Other Venting 5.3-5.6
Gas sampling and analysis X 53
Storage tanks X 5.4
Loading/unloading/transit X 5.5
Pneumatic devices X 5.6.1
Chemical injection pumps X 5.6.2

VENTED SOURCES — Maintenance/Turnarounds 5.7
Compressor blowdowns X 5.7.4
Compressor starts X 5.7.4
Compressor station blowdowns X 5.74
Pig traps and drips X 5.74
Vessel blowdown X 5.74
Pipeline blowdowns X 5.74,5.7.5

VENTED SOURCES — Non-routine Activities 5.7-5.8
Metering and Pressure Regulating (M&R) station X 574,575
upsets
Pressure relief valves (PRVs) X 5.74,5.7.5
Pipeline dig-ins X 5.7.5
Fire suppression 5.8
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Table 2-8. Potential Greenhouse Gas Emission Sources by Sector:
Natural Gas Transmission and Distribution, continued

NATURAL GAS TRANSMISSION AND

DISTRIBUTION CO, N,O CH, Section

FUGITIVE SOURCES 6.0
Pipeline leaks X 6.1
Process equipment leaks X 6.1
Wastewater treatment X 6.2
Air conditioning/refrigeration 6.3

Footnotes:
X Indicates if CO,, CHs, or N,O emissions may result from the source.

2.2.8 Refining

The refining segment consists of all refinery sites that take in crude and produce finished
products, such as gasoline. The refining process includes many distillation steps that separate
petroleum hydrocarbons into narrower boiling ranges. There are also a number of refining
processes that react the hydrocarbons, such as cracking, coking, reforming, alkylation, and
isomerization. Hydrogen is often manufactured to support increased hydroprocessing to remove
sulfur from petroleum products. Petrochemicals may be manufactured on the refinery site, some
by separation and concentration of naturally occurring chemicals in the petroleum and others by
reaction to form new materials. Refinery sites may also include manufacturing of lubricating

oils, specialty oils, and asphalt.

Table 2-9 provides a checklist of potential GHG emission sources for the refining segment.
Greenhouse gas emissions from refining occur primarily from combustion of fuels to provide the
energy needed for the refining processes. Carbon dioxide emissions from boilers, process
heaters, turbines, flares, and incinerators are the primary GHG emissions. Nitrous oxide
emissions also result from these sources, but in quantities much smaller than those of CO,.
When these combustion sources are fired with natural gas or refinery fuel gas, there may also be

trace quantities of unburned CHy4 emissions.

The natural gas system, and potentially the refinery fuel gas system, are the only process streams
within the refinery with potentially significant CH4 concentrations. Fugitive CH4 emissions may
result from the piping and components associated with these systems and the combustion
equipment fired by these fuels. Results from an API study on fugitive emissions from refinery
fuel gas systems indicate that these emissions appear to be negligible.” The results from this
study are presented in Appendix F.

? Methane emissions data gathering and analyses were conducted for two refineries: a small simple refinery and a
larger, more complex refinery. The estimated CH,4 fugitive emissions represent about 0.11% of the total GHG
inventory for the small/simple refinery and about 0.19% of the GHG inventory for the large/complex refinery.
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A number of specialized process vents also may contribute GHG emissions. Some potential
process vents include the fluid catalytic cracker (FCC) regenerator/CO boiler vent, cokers,
hydrogen plant vents, and other catalyst regeneration. The FCC vent is primarily a source of
CO, emissions, although there could be some unburned CHy if supplemental fuel is fired in a CO
boiler. The hydrogen plant vent is primarily a source of CO, emissions, as are other catalyst

regeneration vents.

Table 2-9. Potential Greenhouse Gas Emission Sources by Sector:

Refining
REFINING | COo, | N;O | CH, Section
COMBUSTION SOURCES — Stationary Devices 4.0
Boilers/steam generators X X X 4.1-4.4,4.5.1
Heaters X X X 4.1-44,4.5.1
Fire pumps X X X 4.1-44,4.5.2
Internal combustion (IC) engine generators X X X 4.1-44,4.5.2
Pumps X X X 4.1-4.4,4.5.2
Reciprocating compressor drivers X X X 4.1-44,4.5.2
Turbine electric generators X X X 4.1-44,4.5.2
Turbine/centrifugal compressor drivers X X X 4.1-44,4.5.2
Flares X X X 4.6
Catalyst and thermal oxidizers X 4.7
Incinerators X X X 4.7
Coke calcining kilns X X X 4.7
COMBUSTION SOURCES — Mobile Sources 4.8
Company vehicles X X X 4.8
INDIRECT SOURCES 7.0
Electricity imports X X X 7.1
Process heat/steam imports X X X 7.1
VENTED SOURCES — Process Vents 5.0
Sulfur recovery units X 5.1.5
Catalytic cracking X 5.2.1
Catalytic reforming X 5.2.1
Catalyst regeneration X 5.2.1,5.2.4
Steam methane reforming (hydrogen plants) X 5.2.2
Delayed coking X 523
Flexi-coking X 523
Asphalt production X 5.2.5
Thermal cracking X 5.2.6
VENTED SOURCES — Other Venting 5.3-5.6
Storage tanks 54
Loading racks 5.5
Pneumatic devices 5.6.1
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Table 2-9. Potential Greenhouse Gas Emission Sources by Sector: Refining,
continued
REFINING CO, N,0 CH, Section
VENTED SOURCES — Maintenance/Turnarounds 5.7
Compressor starts 5.7.6
Equipment/process blowdowns 5.7.6
Heater/boiler tube decoking X 5.7.6
VENTED SOURCES — Non-routine Activities 5.7-5.8
Emergency shut down (ESD) 5.7.6
Pressure relief valves (PRVs) 5.7.6
Fire suppression 5.8
FUGITIVE SOURCES 6.0
Fuel gas system leaks X 6.1
Other process equipment leaks 6.1
Sludge/solids handling 6.2.1
Wastewater collection and treating X X 6.2.1
Air conditioning/refrigeration 6.3

Footnotes:
X Indicates if CO,, CHa, or N,O emissions may result from the source.

2.2.9 Petrochemical Manufacturing

For some companies, operations to produce or manufacture chemicals derived from petroleum-

based products are separate from refining operations. The sources of GHG emissions from

petrochemical manufacturing, shown in Table 2-10, are similar to those of the refining segment.

Table 2-10. Potential Greenhouse Gas Emission Sources by Sector:
Petrochemical Manufacturing

PETROCHEMICAL MANUFCTURING | cOo, | N,O | CH; Section

COMBUSTION SOURCES — Stationary Devices 4.0
Boilers/steam generators X X X 4.1-4.4,4.5.1
Heaters X X X 4.1-44,4.5.1
Fire pumps X X X 4.1-44,4.5.2
Internal combustion (IC) engine generators X X X 4.1-44,4.5.2
Pumps X X X 4.1-4.4,4.5.2
Reciprocating compressor drivers X X X 4.1-44,4.5.2
Turbine electric generators X X X 4.1-44,4.5.2
Turbine/centrifugal compressor drivers X X X 4.1-44,4.5.2
Flares X X X 4.6
Catalyst and thermal oxidizers X 4.7
Incinerators X X X 4.7
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Table 2-10. Potential Greenhouse Gas Emission Sources by Sector:
Petrochemical Manufacturing, continued

PETROCHEMICAL MANUFCTURING | CO, N,O CH, Section
COMBUSTION SOURCES — Mobile Sources 4.8
Company vehicles | X | X | X 4.8
INDIRECT SOURCES 7.0
Electricity imports X X X 7.1
Process heat/steam imports X X X 7.1
VENTED SOURCES — Process Vents 5.0
Catalyst regeneration X 5.2.1,5.2.4
Steam methane reforming (hydrogen plants) X 5.2.2
Chemical production X X X 5.6.8
VENTED SOURCES — Other Venting 5.3-5.6
Storage tanks X 5.4
Loading racks X 5.5.1
Pneumatic devices 5.6.1
VENTED SOURCES — Maintenance/Turnarounds 5.7
Compressor starts 5.7.6
Equipment/process blowdowns 5.7.6
Heater/boiler tube decoking 5.7.6
VENTED SOURCES — Non-routine Activities 5.7-5.8
Emergency shut down (ESD) 5.7.6
Pressure relief valves (PRVs) 5.7.6
Fire suppression 5.8
FUGITIVE SOURCES 6.0
Fuel gas system leaks X 6.1
Other process equipment leaks 6.1
Sludge/solids handling 6.2
Wastewater collection and treating X X 6.2
Air conditioning/refrigeration 6.3

Footnotes:
X Indicates if CO,, CHa, or N,O emissions may result from the source.

Fossil fuel combustion is the most significant source of GHG emissions from chemical
manufacturing, primarily resulting in CO, emissions. Trace quantities of N>O emissions may
also occur. Different operating conditions associated with specific petrochemical units, such as
the high operating temperatures of olefin units, may result in higher N,O combustion emissions
than observed at refinery processes. Trace quantities of CH, also might be released from

combustion equipment as a product of incomplete fuel combustion.

As in refineries, when natural gas or plant fuel gas is used to fuel the combustion devices, CHy4
emissions may result from fugitive sources associated with system piping or the combustion
equipment itself. Vented and fugitive emissions may also result where significant concentrations

of CH4 are present in other process streams. In some circumstances, CHs may be used in
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petrochemical facilities for purposes other than combustion, such as tank and process vessel
blanketing.

Small amounts of GHGs are released during the production of some petrochemicals. This API
Compendium provides CH4 emission factors associated with the production of five chemicals:
carbon black, ethylene, ethylene dichloride, styrene, and methanol, based on national GHG
inventory data (EPA, 2009). In addition, N>O emission factors are provided for nitric oxide
production and adipic acid production.

2.2.10 Minerals and Mining Operations

This segment includes the operation of mines and quarries primarily engaged in mining, mine
site development, and preparing metallic and nonmetallic minerals, including coal. The term
“mining” is used broadly to include ore extraction, quarrying, and beneficiating (e.g., crushing,

grinding, screening, washing, and separating) customarily done at the mine site.

While CBM operations, discussed in Section 2.2.3, are considered another method of producing
natural gas, this segment consists of minerals and mining operations where natural gas entrained
in the produced minerals or located in the surrounding strata is not recovered. Table 2-11
provides a checklist of emission sources associated with this specialized industry segment.

A significant source of GHG emissions from mining operations is combustion emissions (CO;
and trace amounts of CH,4 and N,O). The operations associated with extraction and beneficiation
are primarily mechanical and require the use of energy, either generated onsite or imported.

Heat may also be required for some mining processes. Combustion emissions also result from
the fuel consumed to operate mobile mining equipment. These sources exist for any type of

mining operation.

Table 2-11. Potential Greenhouse Gas Emission Sources by Sector:
Minerals and Mining Operations

MINERALS AND MINING OPERATIONS | CO, | N;O | CH, Section

COMBUSTION SOURCES — Stationary Devices 4.0
Boilers/steam generators X X X 4.1-44,4.5.1
Heaters X X X 4.1-44,4.5.1
Fire pumps X X X 4.1-44,45.2
Internal combustion (IC) engines X X X 4.1-44,45.2
Turbines X X X 4.1-44,45.2
Flares X X X 4.6
Catalytic oxidizers X 4.7
Incinerators X X X 4.7
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Table 2-11. Potential Greenhouse Gas Emission Sources by Sector:
Minerals and Mining Operations, continued

MINERALS AND MINING OPERATIONS | CO, | N,O | CH, Section
COMBUSTION SOURCES — Mobile Sources 4.8
Mining equipment X X X 4.8
Other company vehicles X X X 4.8
Site preparation, construction, and excavation X X X 4.8
INDIRECT SOURCES 7.0
Electricity imports X X X 7.1
Process heat/steam imports X X X 7.1
VENTED SOURCES — Process Vents 5.0
Surface mining X 5.6
Ventilation and degasification X 5.6
VENTED SOURCES — Other Venting 5.3-5.6
Water tanks X 54
Coal seam drilling and well testing X 5.6.6
Coal-handling X 5.6.6,5.6.7
VENTED SOURCES — Non-routine Activities 5.8
Fire suppression 5.8
FUGITIVE SOURCES 6.0
Equipment and pipeline leaks X X 6.1
Wastewater treatment X 6.2
Air conditioning/refrigeration 6.3

Footnotes:
X Indicates if CO,, CHy, or N,O emissions may result from the source.

For coal mining, three types of activities release CH4 to the atmosphere: underground mining,
surface mining, and coal handling processes. Where mining gases are not recovered, CHy4
emissions from underground coal mines can be significant. Ventilation and degasification
systems are used in underground mining to reduce CH4 concentrations to safe levels by
exhausting CH4 to the atmosphere. Surface coal mining also releases CH, to the atmosphere as
the coal is exposed, though the emissions are generally much lower than from underground
mines. Finally, a portion of the CH4 retained in the coal after mining may be released to the
atmosphere during processing, storage, and transport.

Methane emissions from non-coal mining and mineral operations can occur through the same

mechanics as those described for coal mining if CH, deposits are present.

2.2.11 Retail and Marketing

The retail and marketing segment includes company-owned retail operations and support to
customer fueling operations. A checklist of potential GHG emission sources is provided in
Table 2-12.
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Table 2-12. Potential Greenhouse Gas Emission Sources by Sector:
Retail and Marketing

RETAIL AND MARKETING CO, N,O CH, Section
COMBUSTION SOURCES - Stationary 4.0
Boilers/steam generators X 4.1-4.4,4.5.1
Heaters X X X 4.1-44,4.5.1
Thermal oxidizers X 4.76
COMBUSTION SOURCES — Mobile Sources 4.8
Marine tankers X X X 4.8
Other company vehicles X X X 4.8
Railroad tankers X X X 4.8
Road tankers X X X 4.8
INDIRECT SOURCES 7.0
Electricity usage | X | x | X 7.1
VENTED SOURCES 5.0
Service station storage tanks | | | 54
VENTED SOURCES — Non-routine Activities 5.8
Fire suppression | | | 5.8
FUGITIVE SOURCES 6.0
Process equipment leaks 6.1
Air conditioning/refrigeration 6.3

Footnotes:
X Indicates if CO,, CH,, or N,O emissions may result from the source.

Evaporative emissions of hydrocarbons may occur during fuel transfer or pumping activities, but
the concentration of CHy or other GHGs is negligible in the refined products as shown by the
compositions presented in Appendix E. Therefore, there generally are no significant GHG
emissions from these activities. Methane emissions may result from process equipment leaks
associated with LNG or compressed natural gas (CNG) marketing. Indirect emissions associated
with onsite electricity usage are a source of CO,, N,O, and CH4 emissions.

2.2.12 Energy Generation

Oil and natural gas industry operations are energy intensive, requiring steady supplies of
electricity and often process heat, steam, or cooling. Steam is also used in enhanced oil recovery
or enhanced coal bed methane production. A petroleum company may own and operate energy
generation facilities to supply electricity and steam for these operations.

The sources of GHG emissions for energy generation operations are shown in Table 2-13.
Combustion emissions of CO,, and to a lesser extent N,O and CHy, result from the burning of
fossil fuels to operate turbines, boilers, or compressors. Where natural gas is used to generate
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energy, emissions of CH4 may result from process vents and fugitive sources, though these

emissions are generally small compared to the combustion sources.

Table 2-13. Potential Greenhouse Gas Emission Sources by Sector:
Electricity and Heat/Steam Generation

ELECTRICITY AND HEAT/STEAM GENERATION | CO, | N,0 | CH, Section

COMBUSTION SOURCES - Stationary 4.0
Turbine electric generators X X X 4.1-4.4,4.5.1
Boilers/steam generators X X X 4.1-44,4.5.2
Internal combustion (IC) engine generators X X X 4.1-44,4.5.2

COMBUSTION SOURCES — Mobile Sources 4.8
Company vehicles X X X 4.8

VENTED SOURCES 5.0
Natural gas venting (maintenance on fuel line to X X 5.7.1
natural gas fuel sources)

VENTED SOURCES — Other Venting 5.3-5.6
Fire suppression | | | 5.8

FUGITIVE SOURCES 6.0
Natural gas equipment leaks (natural gas fuel line) X X 6.1.3
Air conditioning/refrigeration 6.3

Footnotes:
X Indicates if CO,, CH,, or N,O emissions may result from the source.

As mentioned previously, SFs may be used as an insulator in electrical transmission and
distribution systems. Fugitive and process vent emissions of SF¢ can occur from leaks or service
activities on gas-insulated substations, circuit breakers, and other switchgear. Fugitive emissions
of SF¢ can escape from gas-insulated equipment through seals, especially from older equipment.
Sulfur hexafluoride can also be released during equipment manufacturing, installation, servicing,
and disposal. Despite the very high global warming potential of SF¢, the quantities released as a
result of oil and natural gas industry operations generally are very small.
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3.0
TECHNICAL CONSIDERATIONS

3.1 Overview

In general, emissions for a particular source are the product of the source-specific emission factor
(EF) and the activity factor (AF). An inventory is the sum of all of the emissions for a particular

facility or company:

# sources

Emission Inventory = Z EF x AF
i=l (Equation 3-1)

where
Emissions Inventory = total emissions for a company or facility;
EF; = emission factor for source i; and
AF; = activity factor for source i.

Throughout this document it is important to note assumptions and conventions used in defining the
emission factors. The listing below highlights some of the key areas where error can be introduced

into the computation if conventions are not addressed properly.

e Standard Gas Conditions—When converting from a volume basis to a mass basis for a gas
stream, the standard conditions used in this document are 14.7 pounds per square inch (psia)
and 60 degrees Fahrenheit (°F) (equivalent to 101.325 kilo-Pascals absolute (kPaa) 